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Hairless mice were exposed to a single erythemic (25 
m] /cm2 ) or suberythemic dose (12.5 mJ/cm2 ) of ultraviolet 
B (UVB) irradiation at 297 nm .. The cell kinetic changes 
were observed at several times during the first 7 d after the 
irradiation. The mitotic count, the mitotic rate (stathmoki-
netic method), and the number of suprabasal and basal cells 
were scored in histologic sections. The incorporation of 
[3H]thymidine was measured after pu lse labeling, and the 
DNA distribution pattern was studied by flow cytometry. 
Initially, both UVB-doses induced a block or delay in the cell 
proliferation. The rate of entrance of cells into mitosis and 
the uptake of [3H]thymidine were reduced, and cells accu-
mulated in the S phase of the cell cycle. Hence, during the 
first period after irradiation, UVB seemed to interfere with 
U ltraviolet (UV) irradiation is mutagenic and carci-nogenic for the skin, and the most effective wave-lengths in epidermal UV carcinogenesis are in the UVB region (280 - 315 nm) . These wavelengths induce a variety of acute reactions in the skin and 
lesions in epidermal DNA including the formation of cyclobutane 
pyrimidine dimers and (6-4) photoproducts [1,2] . The DNA ir~ju­
ries induced by UVB are believed to play an important role in 
photocarcinogenesis. 
The action spectrum for UV photocarcinogenesis is assumed to 
be almost similar to the one for erythema [3,4], and the action 
spectrum for in vivo pyrimidine dimer formation is also very similar 
to that producing edema [5]. The carcinogenic UV rays comprise 
mainly wavelengths between 290 and 300 nm, and 297 nm is found 
to be very effective in producing both erythema and edema in 
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Abbreviations: 
BC: basal cel ls 
DMBA: 7,12-dimethylbenz (a) anthracene 
FCM: flow cytomctry 
L1: labeling index 
MD: metaphase duration 
MI : mitotic index 
MNU: N-mcthyl-N-nitrosourca 
MR: mitotic ratc 
SA: specific activity of DNA 
SBC: suprabasa l cel ls 
TPA: 12-0-tctradccanoylphorbol-13-acetate 
UVB: ultraviolet B 
the DNA synthesis by inducing a prolonged S phase dura-
tion. The DNA synthesis rate was reduced to the same degree 
after both UVB-doses. From 24 h after irradiation rapid re-
generative proliferation took place, most pronounced after 
the highest UVB-dose. Waves of proliferation seemed to 
arise from partially synchronized cohorts of cells proceeding 
through the cell cycle at a higher speed than normal. Thus, 
the present study indicates that UVB irradiation is cC:>!11par~­
ble with the cell kinetic effects following both chemical skm 
carcinogens and non-carcinogenic skin irritan.ts. ~V:B i~­
duces an inhibitory effect on the DNA syntheSlS activity, 111 
addition to regenerative cell proliferation subsequent to cell 
toxicity.] III vest DerlllatoI91:585 - 589, 1988 
human as well as in mouse skin [4 ,6]. The UV dose causes a minimal 
perceptible response in hairless mouse skin 24 h after exposure to 
297-nm range between 10 -30 \11J/C \112 [6] . Hence, even very s\11all 
doses ofUVB irradiation produce measureable reactions in the skin. 
Some cell kinetic effects of UVB irradiation have been studied 
after polychromatic light sources (stimulating the solar spectrum) 
[7], but no detailed information is reported for monochromatic 
UVB irrad iation. The aim of the present work was, therefore, to 
study the earl y cell kinetic reactions in hairless mouse epidermis 
after a single exposure of a suberythemal (12.5 mJ/cm2 ) or an er-
ythemal (25 mJ/cm2 ) UVB-dose at 297 nm. 
During the first 7 d after the UVB exposure, the changes in DNA 
sy nthesis were studied by measuring the incorporation of [3H]thy-
mid inc, and by determining the DNA distribution pattern with 
flow cytometry. At the same time mitotic counts, mitotic rates 
(stathmokinetic method), and the number of basal and suprabasal 
cells were recorded in histologic sections. The cell kinetic responses 
resulting from the monochromatic UVB irradiations were com-
pared to those previously observed following a single application of 
chemica l carcinogens and non-carcinogenic skin irritants. 
MATERIALS AND METHODS 
Anitnals Hairless mice (hr/ hr Oslo strain, from Gamle Bom.h.olt 
Gaard, Denmark, pigmented) of both sexes, 60- to 90-d old , were 
used. The mice were kept eight to a cage in an anima l room with a 
12 h light/darkness rhythm (0730-1930) with controlled tempera-
ture and humidity; they were given a standard diet and water ad 
libitum. 
Ultraviolet Source and Irradiation Method An Oriel 200 W 
Hg arc lamp dispersed by Oriel 77250 single grating monochroma-
tor was used. The animals were exposed to a wavelenth of 297 nm 
with a half band width set at 5 nm. The fluence rate was determined 
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with a Se-detector (Saven AS, Oslo, Norway), and ranged between 
0.22 - 0.31 m W / cm2• The area of skin exposed to UVB was held in 
a special pair of forceps, which was joined to a cylinder connected to 
the monochromator. The irradiated area of the skin was marked 
with India ink after exposure. Skin temperature measurements with 
an Exacon therm.ometer MC 8700 (Denmark) during the exposure 
period showed that heat production could be neglected. 
Chemicals Colcemid® (CIBA) was supplied as a 0.1 % solution by 
the N ational Hospital pharmacy (Oslo, Norway). The [3HJMethyl-
thymidine (specific activity 5 Ci/mmol) was obtained from Amer-
sham, UK. Trypsin was purchased from BDH Chemicals Ltd 
Poole, UK, and RNase from Boehringer Mannheim, GFR. 
Isolation of Basal Cells Skins from animals killed by cervical 
dislocation were flayed off and superficial sheets (epidermis with 
some dermis) were removed by a Castroviejo keratotome [8] . The 
basal cells were then separated from the suprabasal cells by trypsin 
digestion and shaking [9J. The resulting basal cell suspension were 
fixed in 70% ethanol. These isolated basal cells were used for the 
determination of the labeling index as well as for DNA measure-
ments by flow cytometry. 
Labeling Index (U) Each animal received 50 j1.Ci [3H]thymidine 
in 0.3 ml saline i.p. 30 min prior to killing. Autoradiography was 
used to determine the LI in smears of basal cells. Air dried cells were 
fi xed in ethanol, dip-coated with Kodak NTB2 emulsion diluted 
1: 1 with distill ed water, developed after 2 weeks of exposure and 
stained with hematoxy lin . The LI was scored as the number of 
labeled cell s per 1000 basal cells, using four grains over the nucleus 
as lower limit. 
Flow Cytometry (FCM) The fixed isolated basal cells were 
treated with RNase for 1 h at 37°C and stained with ethidium 
bromide (25 j1.M in 0.1 M Tris buffer, pH 7.5). The relative DNA 
fluorescence was recorded by an ICP 11 Cytophotometer (Phywe 
AG, Gbttingen, GFR) . The fraction of cells in the S phase and G2 
phase were estimated by a planimetric method [9J. 
Specific Activity of DNA (SA) Each animal received 50 j1.Ci 
[3H]-thymidine in 0.3 ml saline i.p. 30 min prior to killing. Epi-
dermis was separated from dermis by a brief heat treatment [10] , 
followed by homogenization and hydrolysation in 0.5 N perchloric 
acid at 90°C. Following centrifugation duplicate aliquotes (0.3 ml) 
of hydrolyzed DNA were determined for radioactivity in a Packard 
Tri-Carb liquid scintillation spectrometer. The DNA content was 
determined by the diphenylamine method [llJ. 
DNA Synthesis Activity (SA/U and SA/S Phase) The ratios 
of the SA over the LI and the SA over the S phase were calculated, 
both variables indicating the average rate of DNA synthesis per 
labeled cell, and per cell with S phase DNA content [12]. 
Mitotic Index (MI) The skins were flayed off and fixed in Bouin's 
solution for 20 min, thereafter transferred to 4% formaldehyde, 
embedded in paraffin, cut at 5 j1.m, and stained with hematoxylin. 
The MI was determined by counting the number of cells in meta-
phase per 40 vision fields at 100X magnification. 
Mitotic Rate (MR) The rate of entry of cells into mitosis, MR, in 
the basal cell layer of interfollicular epidermis was determ.ined in 
sections from the back skin of animals injected i.p. with 0.15 mg 
Colcemid®. H alf of the animals were killed 2 h after Colcemid® 
i~ection, and the other half 4 h after Colcemid® injection. Each 
section was processed as described above, and the number of Colce-
mid® arrested metaphases were counted in 40 vision fields. The MR 
was calculated by use of a special linear regression model with addi-
tional constraints: the line of best fit went through the origin, and 
the errors were weighted proportionally to the mean. By the same 
conditions estimated standard deviations for the MR were found . 
Metaphase Duration (MD) The ratio of the MI and the MR was 
calculated, giving a rough estimate of the metaphase duration. 
Basal Cells (Be) and Suprabasal Cells (SBe) The number of 
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BC and SBC in 40 vision fields at 100X magnification were deter_ 
mined in the same sections used for recording the MR. An increase 
in the number of SBC indicates hyperplasia. 
Experimental Design The left flanks of eight animals were ex-
posed to either 12.5 or 25 mJ/cm2 UVB. The right fl anks served as 
unirradiated controls. Cell kinetic measurements were performed at 
several time points during the first 7 d after the irradiation. The Lr 
and the FCM data as well as the number of Colcemid® arrested 
metaphases and the cell counts were obtained from skin samples of 
th e same animals. The MI and the SA were determined in two 
separate experimental groups. 
RESULTS 
The Cell Kinetic Effects of 12.5 mJ/cm2 UVB at 297 Dill 
After a single exposure to the lowest UVB dose an initial depression 
in the uptake of [3HJthymidine and in the number of labeled cells 
was observed (Fig 1). Thereafter, increasing LI and SA values fol_ 
lowed. Cells accumulated in the S phase, with two peaks at 12 and 
30 h, respectively, before a decrease to control levels occurred (Fig 
1). The SA and the LI also peaked at 30 h. 
The MR was decreased from 2 to 12 h, followed by an increase 
showing a peak at 36 h simultaneously with a peak in the fraction of 
cells in the G2 phase (Fig 2). After 36 h both the MR and the 
proportion of G2 cells decreased. The MR reached normal values 
after 72 h, whereas cell s seemed to accumulate in the G2 phase frorn 
72 to 96 h. The number of SBC and BC were not very different 
from control levels (data not shown). 
The Cell Kinetic Effects of25 mJ/cm2 UVB at 297 nm The 
incorporation of [3H]thymidine and the LI were also initially re-
duced after irradiation with the highest UVB dose (Fig 3). Thereaf_ 
ter, both the SA and the LI increased, simultaneously with an accu-
mulation of cells with S phase DNA content (Fig 3). The fraction of 
cells in S phase first peaked at 18 h after irradiation, together with an 
increased LI, whereas the SA was 'still at control levels. Then it 
followed a long period with increased number of cells in the S phase, 
with two peaks at 30 and 48 h, respectively, and a less marked one at 
72 h. A similar pattern was observed for the LI and the SA. From 72 
h only minor fluctuations occurred for all three DNA synthesis 
variables. 
During the first 18 h a small accumulation of cells in the G2 phase 
w as observed (Fig 4) . The MR was reduced in this period, with 
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Figure 1. The cell kinetic changes in the proportion of cells with S phase 
DNA con ten t (11- S phase), labeling index (e--- U). and specific activi ty 
(A- . - SA) at various times after a single dose of t 2.5 m) I cm2 at 297 n111. The 
results arc expressed as ratio irradiated/unirradiated. The vertical btlrs indicate 
tbe standard deviation . 
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Figure 2. The cell kinetic changes in the mitotic rate (e- MR) and the 
proportion of cells with G2 phase DNA content (A--- G2 phase) at various 
times after a single dose of12.5 mJ/cm2 at 297 nm. The results are expressed 
as ratio irradiated/ uni rradiated. The vertical bars indicate the standard devia-
tion. 
return to control levels at 24 h (Fig 4). Subsequently, the MR in-
creased markedly, displaying two peaks at 36 and 60 h, respectively. 
The fraction of cell s in the G2 phase showed concommitant smaller 
peaks. From 96 h both the MR and the proportiol1 of cells in the G2 
phase were at control levels. The changes in the MI showed the 
same pattern as for the MR. An initial depression of the MI, which 
lasted for 12 h, was followed by a very steep increase, peaking at 36 
h, with a shoulder indicated at 48-60 h (Table I). The MD was 
slightly prolonged between 24 and 30 h, but a reduction was seen 
from 36 to 60 h (Table I). 
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Figure 3. The cell kinetic changes in the proportion of cells with S phase 
DNA content (11- S phase), labeling index (e--- LI), and specific activity 
(A-' - SA) at various times afte a single dose of 25 mJ/cm2 at 297 nm. The 
results are expressed as ratio irradiated/unirradiated. The vertical bars indicate 
the standard deviation. 
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Figure 4. The cell kinetic changes in the mitotic rate (e- MR) and the 
proportion of cells with G2 phase DNA content (A--- G2 phase) at various 
times after a single dose of25 mJ/cm2 at 297 nm. The results are expressed as 
ratio irradiated/unirradiated. The vertica l bars indicate the standard devia-
tion. 
before 6 h, increased 1111111bers were seen, with a peak at 48 h (Fig 5). 
The number of BC did not deviate from control levels during the 
period studied. 
The Alterations in the Calculated DNA Synthesis Variables 
After Both UVB Doses I ni tiall y, the DNA synthesis acti vi ty was 
reduced after both UVB doses, and to the same degree (Fig 6A,B). 
The activity per labeled cell (SA/L!) was depressed from 6 h to 
48 - 60 h, and then became close to normal (Fig 6A). A reduction in 
the DNA synthesis activity per S phase cell (SA/ S phase) was al-
ready observed at 2 h after the irradiations, followed by increasing 
values, reaching control levels after 48 h (Fig 6B). 
DISCUSSION 
A single erythemic dose of monochromatic (narrow-banded) UVB 
at 297 nm to hairless mouse epidermis provoked early cell kinetic 
changes, which can be divided into two periods. Initially a block or 
delay in cell proliferation was observed, followed by a second period 
of increased proliferation. 
Both UVB doses caused an immediate depression in the uptake of 
[3HJthymidine, as shown by the decrease in the SA and the LI. The 
discrepancy between the proportion of cells in the S phase and the 
proportion of labeled cells indicates that many of the cells with a S 
phase DNA content did not synthesize DNA at all, or did it at a rate 
below th e level of detection. The subsequent accumulation of cells 
Table I. The mitotic index (MI) and the m.ethaphase duration 
(MD) at various times after a single exposure to 25 m]/cm2 UVB 
at 297 nm expressed as ratio irradiated/unirradiated. 
Hours After 
Irradia tion MI ±SD MD 
2 0.11 ± 0.11 0.48 
6 0.30 ± 0.12 0.88 
12 0.13 ± 0.14 0.81 
24 1.00 ± 0.1 7 1.18 
30 1.87 ± 0.39 1.28 
36 4.80 ± 1.92 0.81 
48 2.60 ± 0.66 0.67 
60 3.00 ± 1.33 0.55 
72 1.71 ± 0.30 1.03 
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Figure 5. The ch?ngcs in the number of suprabasal ce lls (A- SBq and the 
basal ce lls (e--- Be) at various times after a single dose of25 mJ/cm2 at 297 
llm. The results are expressed as ratio irradiated/unirradiated. The I)ertical 
bars indicate the standard deviation. 
in S phase points to a delay in the rate of cell progression through 
tillS phase. T I1lS was a lso shown by calculating the factors SA/LI and 
SA/S phase, w luch lIldlcate that the average rate of DNA synthesis 
per labeled cell and per S phase cell was inhibited. The fact th at 
SA/S phase initially was lower than SA/LI suggests that the DNA 
synthesis was completely blocked in some of the cell s with S phase 
DNA content. Hence, by combining different cell ki netic methods 
for measuring DNA synthesis, it is shown that UVB irradiation 
interferes w ith DNA synthesis by inducing a prolonged S phase 
duratIOn, rather than a block 111 the entrance of cells into this phase. 
T he arrest of basal cells 111 the G 1 phase observed after higher UVB-
doses was not confirmed in the present study [1 3]. 
The im mediate inhibition of the entrance rate of cells into mitosis 
indicates that the UVB irradiation also affects processes in the G2 
phase. The MI and the MR was markedly reduced for about 12 h, 
and in this period an increasing number of cells w.as observed in the 
G2 phase after tbe highest dose, re fl ecting a prolonged G2 phase 
duration . 
The subsequent period was characterized by increased cell prolif-
eration, most pronounced after the highest UVB-dose. Waves of 
proliferation seemed to arise from partially synchronized cohorts of 
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Figure 6. The effect of 25 (.---) and 12.5 mj/cm2 (e- ) UVB at 297 nm 
on the DNA synthesis activiry, SAIL! (A) and SAIS phase (8), at various 
times after irradiation. 
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cells proceeding twice through the ce~ 1 cycle at a higher speed than 
~lorma l: When the number of cells 111 the S phase decreased, an 
JI1creasll1g number of cells was seen in G2, accompanied by a high er 
MR. The slightly reduced MD from 36-60 h (Table I) shows that 
the high MR was due to an increase in the entrance rate into mitosis 
and not to a block in metaphase . The development of epidermai 
h'yperpl.asla also shows that the normal growth homeostasis equilib_ 
rIum With cell production and cell loss was perturbed. 
In the period with rapid cell proliferation no increase was ob-
served 111 tl~ e ~verage rate of DNA synthesis. This may indicate that 
UVB lrradlatlOn lllduces a direct, long-lasting inhibitory effect on 
the DNA synth esis, in addition to an indirect regenerative reaction 
subsequent to cell toxicity. Furth emore, both the SA/Ll and the 
SA/S phase were reduced to the same level after both UVB-doses 
though distinct differences were seen in the regeneration pattern: 
After 25 tnJlcm2 UVB, two peaks in MR occurred, in contrast t o 
onl y one after the lower dose. Hence, the regenerative effect seelns 
ll1dependent of the DNA synthesis inhibition. This has also been 
observed after sl11 gle applications of different doses of the skin car-
cinogen MNU r1 2]. 
The in.itial cell kinetic reactions after 25 and 12.5 mJ/cm2 UVB 
were sllndar to both those seen after topical application of chemical 
skin carcinogens to hai rless mouse skin and those after non-carcino _ 
genic skin irritants [1 2, 14 -201. A block in the DNA synth esis and 
the MR observed early after different sorts of trauma to th e skin may 
therefore be a nOl1-spe~dlc phenomenon. However, a long-lasting 
delay III DNA sy ntheSIS has been observed after different skin car-
cino.gens, and this effect is assumed to be related to the process of 
carc1l10genesls [1 2, 18]. The subsequent period of rapid cell prolifer-
ation was more compatible with the regenerative reaction pattern 
subsequent to the skin irritant cantharidin [19], adhesive tape strip_ 
ping [171 , and the tumor promotor TPA [201. These treatments 
induce a regenerative wave of cells which enter the S phase in 
synchrony at 16 h after treatment. The regenerative period observed 
in the present study, however, occurred later, and although both the 
LI and the SA were increased and followed the sal11.e reaction pattern 
as the proportion ofS phase cells, no increased rate of DNA synth e_ 
sis seemed to occur. 
Hence, UVB induces cell kinetic reactions with similarities and 
differences to chemical skin carcinogens and non-carcinogenic skin 
injuries. These observations support the opinion that the cellular 
mechanisms differ between the effects of UVB irradiation and of 
other influences. This has also been demonstrated by the tetrazo-
iIum test (TZT), a short term test for skin carcinogens based on the 
measurement of an increased deposition offormazan [J 4]. The TZT 
was positive for both UVB and chemical skin carcinogens, but the 
cytosol enzyme DT-diaphorase, which may be part of the mecha-
nism behind the TZT, was not induced by UVB as it was by chemi-
ca l carcinogens [21,22]. Therefore, the carcinogenic mechanism of 
UVB and that of chemical carcinogens probably differ at the molec-
ular level, though both end up with injury to DNA. 
In contrast to the skin carcinogen DMEA, which needs metabolic 
activation before the ultimate carcinogen ca n alter DNA [23J, UVB 
irradiation can act directly on DNA similar to the skin carcinogen 
MNU [1 2,~4J . D NA appears to be the most important target for 
UVB Irradiation, and the most common photoproduct resulting 
from UVB IS the formation of dimers [25]. Dose-response studies of 
unschedul ed DNA synthesis have shown that even suberythemal 
doses of UVE produce dimcrs in human skin [26,27] . H ence, the 
reduced uptake of [3HJthymidine and the low number of labeled 
ce ll s seen early after irrad iation with 12.5 and 25 m]/cm2 UVB at 
297 11m may be due to UV-induced DNA injuries and subseq uent 
repair. In human skin it is shown that the removal of dimers by the 
error-free excision repair process takes place SOOI1 after exposure 
[28,29]. However, if many dil11ers are formed they may persist 
w hen cellular DNA replication takes place. Sublethal damage to 
DNA may then be mutagenic and carcinogenic. A significant per-
centage of pyrimidine dimers was found in mouse skin until at least 
72 h after irradiation with 200 mJlcm2 at 290 nm [30J. 
In the present study it is shown that even very low doses of uVB 
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can alter the replicative process and lead to increased cell prolifera-
tion. After a single dose of25 mJ/cm2, increased cell proliferation 
persisted for about 3 d. A shortening of the cell cycle has been found 
in UV-induced squamous cell carcinomas, and tumor production 
was assumed to be associated with this shortening [31]. Skin tumors 
can be induced in hairless mutant mice following a single exposure 
to UVB irradiation [32], though induction of malignant growth by 
a single dose is an event of low probability. Such a dose has to be 
large , and will then produce significant tissue injul),- A single ery-
themic UVB-dose at 297 nm will probably not cause tumor devel-
opment. However, the cell kinetic reactions in epidermis following 
such a dose may be indicative of some of the early changes leading to 
m ali gnant growth. Daily exposure to low doses ofUVB is reported 
to induce tumors [33], and data presented by Cole et al [4J strongly 
suggested that the mouse skin photocarcinogenesis closely resem-
bled the mouse skin edema action spectrum evaluated at 48 h. 
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